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| growth, and increase in real income, in an attempt to identify the factors involved. Evidence from this analysis supports the view that the increase in vulnerability and damage is due to societal factors rather than any actual increase in cyclone frequency or intensity.
TRENDS IN TROPICAL CYCLONE FRE-QUENCY AND INTENSITY.
The most recent study of TC frequency and intensity in this region was by Srivastava et al. (2000) . They examined data for 1891-1997 and found a significant decreasing trend (at 99% confidence level) in the frequency of cyclones with intensity of "cyclonic storm" and above in the NIO basin (see Table 1 for classification of tropical cyclones in this basin). The maximum decrease was in the last four decades. Since there is no significant trend in the number of cyclonic disturbances, they infer that intensification of depressions into cyclones is less frequent in recent decades. These authors have given as a possible explanation, a weakening of the Hadley circulation, due to an increase of upper tropospheric temperatures (attributed to global warming). They rule out sea surface temperature (SST) change as a factor, as there is no trend in the SST over the NIO basin.
Some studies over shorter periods show slightly different results. Mooley and Mohile (1983, 1984) found an (apparent) increase in cyclones in 1965-80, compared to earlier decades, and attributed it to better detection by satellites. This points to the need for separating apparent trends created by better observing techniques or even by changes in definitions of tropical cyclones, from real trends (Nicholls et al. 1998 ). Jayanthi (1997) found large decadal variations in the frequency of NIO basin cyclones with a maximum in 1921-30 and a minimum in 1981-90, but did not report any long-term trend. Joseph and Xavier (1999) found a 40-yr periodicity in the frequency of TCs in the NIO basin with maxima around 1930 and 1970 and minima around 1950 and 1990 . They also reported a decreasing trend in monsoon depressions but none in pre-and postmonsoon systems. P.V. Joseph (2001, personal communication) found more north-moving TCs in 1900-30 and 1960-90 and more west-moving TCs in 1930-60, these 30-yr periods coinciding with periods of below-normal and above-normal Indian monsoon rainfall, respectively. While these findings may imply changes in frequencies over specific parts of the coast Table 2 are indicated.
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< 17 knots (< 9 m s | over decadal periods, no long-term trend of increase or decrease in frequency over the basin as a whole, over the period for which data are available, has been noted. Singh and Khan (1999) , who studied 122 yr of data, found that annual frequency of NIO basin TCs is decreasing at the rate of about one cyclone per hundred years. However, they noticed an increasing trend in Bay of Bengal cyclones, only for the months of November and May (the principal months of occurrence). Tropical Cyclones (of cyclonic storm or higher intensity) landfalling in the state of Andhra Pradesh (AP) during 1971-2000 are listed in Table 2 . We chose Andhra Pradesh for this study because it has a long coastline (1030 km) and is more frequently affected by cyclones than some other states of India. It also has a relatively well-developed disaster management organization [see Raghavan and Sen Sarma (2000) for a description]. We selected 1971-2000 because reliable data exist after the advent of radar and satellite observations. There were seven cyclones of intensity greater than 32 m s −1 in this period; meteorological parameters relating to them are shown in Table 3 and their tracks in Fig. 3 . | no trend of increase in frequency or intensity. Notice however, the long lull between 1990 and 1996, which will be discussed later.
TRENDS WORLDWIDE. This lack of increasing frequency or intensity is generally consistent with findings from other regions. Considering all ocean basins, an international symposium in 1993 (Lighthill et al. 1994 ) concluded that year to year natural variability is large enough to swamp any modest effects of global climate change on frequency or intensity of tropical cyclones. Several authors (e.g., Bengtsson et al. 1996; Tsutsui 2002) have used general circulation model (GCM) or climate models to examine the likely effect on tropical cyclone frequency and intensity of simulated carbon dioxide (CO 2 ) increases. Bengtsson et al. (1996) found a significant reduction in storm frequency and in wind speeds with a doubling of CO 2 . Tsutsui (2002) found no change in frequency worldwide but an increase in mean intensity in the western Pacific only. The exact results obtained appear to be sensitive to model specifications and subject to uncertainties.
But, in general, model studies do not suggest any significant worldwide increase in frequency or inten- | sity of cyclones. Henderson-Sellers et al. (1998) state that there is no clear evidence of long-term trends in TC frequency in the North Atlantic and western North Pacific basins and that little can be said about the potential distribution of actual intensities.
Landsea (2000) made a comprehensive review of "climate variability of tropical cyclones" in three basins-Australian, northwest Pacific, and Atlantic. Though there were interdecadal variations, the Atlantic basin showed no trend, and the Australian basin showed a decline. The northwest Pacific showed a decrease from 1950 to 1980 and an increase, subsequently, up to 1995 (Chan and Shi 1996) . Nicholls et al. (1998) considered Australian basin TCs from 1969-70 onward (i.e., the satellite era; they felt that earlier data were not reliable) and found a decline in the frequency of weak and moderate systems (central pressure 970 hPa or higher) but a slight increase in the frequency of more intense systems.
The third assessment report of the Intergovernmental Panel on Climate Change (IPCC 2001) , which is based on a large number of studies all over the world, states that "there is no compelling evidence to indicate that the characteristics of tropical and extratropical storms have changed." Goldenberg et al. (2001) have drawn attention to a sharp increase in Atlantic basin hurricane activity since 1995, compared to the previous 24 yr. They expect this high level to persist for 10 to 40 yr more. But this appears to be part of the interdecadal variation rather than a long-term trend attributable to global warming. As pointed out by Bengtsson (2001) , the 1995-2000 records are too short and incomplete to infer a long-term trend. Even during this period there was a suppression of Atlantic hurricane activity in 1997 due to the El Niño. Also, changes due to global warming will be gradual and not abrupt. No increase has been observed in other basins. The TC frequency in the North Pacific has actually decreased in this period. Decadal variability has been noted in the Atlantic, as in the other basins. According to Bengtsson (2001) there are no indications that the climate warming may increase the frequencies of hurricanes in the area although the risk of very powerful storms may slowly mount.
The specter of tropical cyclones increasing alarmingly due to global climate change, portrayed in the popular media and even in some more serious publications, does not therefore have a sound scientific basis.
THE LINK WITH EL NIÑO-SOUTHERN OSCILLATION (ENSO).
An associated topic, which finds mention in the media often, is the relation between ENSO and TC activity. A summary of ENSO-TC relationships given by Gray (1993 ,  Table 5 .2, p. 5.10.) indicates different and opposite effects on TC activity in different basins and even in different parts of the western Pacific. Tropical cyclone activity in the NIO basin is not affected. Rajeevan (1989) examined 21 El Niño years during the period 1901-83 and found no significant relationship between TCs in NIO basin and El Niño. Jayanthi (1997) as well as Gupta and Muthuchami (1991) found no clear-cut relation between El Niño and NIO TC frequency, although they noticed an influence on the tracks. Singh and Khan (1999) found a diminution of TC frequency in the Bay of Bengal in May and November during the negative phase of the Southern Oscillation and no effect in the Arabian Sea. The changes, if any, in frequency of El Niño itself due to global warming have not been clearly established (IPCC 2001) .
INCREASE IN SOCIETAL IMPACT OF TROPICAL CYCLONES.
Various publications including those of the U.S. Senate and of insurers give the impression that tropical cyclones "have become increasingly frequent and severe over the last four decades as climatic conditions have changed in the Tropics" (Pielke and Landsea 1998 ). This conclusion is based on damage statistics computed in dollars. Pielke and Landsea, however, point out that the past several decades have actually seen a decrease in the frequency of intense hurricanes. According to them, "this trend means that more frequent or more intense hurricanes are not the cause of increasing hurricanerelated damages, rather society has become more vulnerable to the effects of hurricanes." Similarly, in a recent study of thunderstorm impact in the United States, Changnon (2001) attributes the increased impact mainly to the growth of population, wealth, and associated property at risk.
In other words, although neither the frequency nor the intensity of TCs has increased, their socioeconomic impact has increased. Inflation, growth in population, and the increased wealth of people in the coastal areas (and not global warming) are the factors contributing to the increased impact. In the words of Pielke and Landsea, "coastal residents today have more to lose."
These authors normalized past hurricane damage data from 1925 onwards to 1995 values, for three factors, inflation, wealth, and population. The result of normalizing the data is to produce the estimated impact of any storm as if it had made landfall in 1995.
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| They show that the trend of increasing damage does not appear in the normalized data.
STUDY OF TROPICAL CYCLONES HITTING ANDHRA PRADESH.
A limited study of this kind was attempted for tropical cyclones affecting the state of Andhra Pradesh. The nine coastal districts of the state (indicated in map, Fig. 2) , which are the most affected by tropical cyclones, have an area of 92,906 km 2 and a population of 28.733 million (1991 census), which grew by 21% from 1981 to 1991, with accompanying increase in economic activity.
The figures for the number of human lives lost (L) and the estimated property damage (E) for each cyclone in the period 1977-2000 were essentially based on the earlier reports of the state government, prepared immediately after each cyclone, to assess the relief needed. These quick surveys have their limitations. They give losses mainly in the public domain and may not include some of the losses in the private sector or indirect losses of various kinds such as longterm setback to agriculture and industry. Figures given had also to be modified in some cases to resolve discrepancies with reference to earlier reports and a publication by Oxfam India (2000) . A comparison of the 1977, 1990 , and 1996 cyclones in Table 4 shows a large increase of estimated damage (E) over the years.
To adjust for economic and demographic factors, the figure E was normalized to the financial year 1990-91 with respect to inflation, increase in per capita domestic product, and increase in population of the coastal districts. We used 1990-91 as the refer- 
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E P 1 P 2 P 2 /P 1 F G H C *For Oct-Nov 1987, combined figures are given by AP government for three weak cyclones. These cyclones are not included in Table 3 .
| ence year mainly because during the cyclone that year good warnings and good disaster management sharply reduced the deaths (compared to the 1977 cyclone, which affected the same area and had similar properties). Hence, this cyclone can be treated as a reference with which disaster warning and management on subsequent occasions can be compared. The year 1990-91 was also a census year with reliable population figures. As seen in Table 4 , the normalization of the property damage reduces the large differences in the impact of these cyclones, showing that the increase in actual damage is mainly due to the inflation, real income, and population factors. The total normalized damage figures in millions of dollars for each of the decades, 1971-80, 1981-90, and 1991-2000 are 1282, 1605 , and 1553, respectively. The average per decade is $1480 million, that is, $148 million per annum. The actual likely damage can be computed knowing the factors F, G, and H (defined in caption of Table 4 ). Table 4 also shows a hypothetical cyclone occurring in 2001-02, which has the same characteristics as the 1990 cyclone and the same normalized damage impact of rupees crore 2137 ($1221.20 million). If the inflation, income, and population factors are applied, the actual damage E will be rupees crore 10,009 ($2122 million). This can be taken into account in planning disaster preparedness measures.
However, R. L. Southern (2001, personal communication) has pointed out that while this method of analysis may apply to Andhra Pradesh where there is a fairly continuous inhabited coastal zone with socioeconomic investment, and TC impact sufficiently frequent to produce valid statistics from year to year, it may not apply to regions such as western Australia with widely scattered population and low frequency of tropical cyclone incidence. Table 5 gives the number of human lives lost (L) in each case. The number of deaths is expected to depend on the cyclone intensity, point of landfall, area affected, the timeliness and accuracy of warnings and above all, the "response," that is, the action taken on the warnings (Raghavan 1996; Raghavan and Sen Sarma 2000) . Among the cyclones listed, a comparison between the 1977 and 1990 cyclones is valid as they hit the same area and were of about the same intensity. The remarkable reduction in loss of lives in the latter storm has been attributed, mainly, to better disaster management and partly to better meteorological facilities (Miyan 1996; Raghavan 1996; Raghavan and Sen Sarma 2000) . Yet the normalized damage in the 1990 cyclone is higher than in the 1977 storm owing to the larger area affected (see Table 5 ).
EFFECT OF DISASTER MANAGEMENT MEASURES ON THE LOSS OF HUMAN LIVES.
There is a sharp peak in deaths as well as the normalized damage in the 1996 cyclone despite it being less intense and affecting a much smaller area than the 1977 and 1990 cyclones. One "nongovernment orga- | nization" (Arthik Samata Mandal, see online at http://members.aol.com/bfgmuc/cyclone.htm) involved in relief work has stated that "the cyclone of 1996 was much more severe than the ones that occurred in 1977 and 1990 in the Krishna and Guntur districts." This assessment is apparently based on the damage figures and not on the meteorological features. The peak in deaths and damage has been explained (Raghavan 1996; Raghavan and Sen Sarma 2000) as the result of a "fading memory syndrome," that is, a decrease in alertness in disaster management caused by the absence of any cyclone in the area for 6 yr (see Table 2 ). This syndrome can be particularly acute in the state of Gujarat in India, where up to 14 yr have passed between cyclone landfalls. On the other hand, in neighboring Bangladesh, better preparedness measures after the disastrous 1991 cyclone succeeded in reducing deaths substantially in the 1994 cyclone (Miyan 1996) .
The damage figures do not include any quantification of the deaths in economic terms. Cornford (1998) assumed that the death of one working person deprives the economy of 20 years' contribution of per capita gross national product (GNP). He added this contribution for each dead person to the economic loss to arrive at an "overall economic impact." However, that does not seem appropriate in this case as, in the context of low GNP in the region, the addition thereby becomes insignificant in comparison with the property damage. Cornford (1996) also considered that a decrease over the years in the ratio of the loss of human lives to the less avoidable property damage can be taken as a measure of the increasing effectiveness of the warnings. Brooks and Doswell (2001) , who studied tornado damage in the United States, have also considered the ratio of deaths to wealth-adjusted damage as a plausible indicator of improved warnings and public awareness. They found that the death/damage curve against time is almost horizontal in the periods before and after 1953 but there is a sharp jump downward around 1953. This is taken by them as an indication of the effect of starting of the tornado watch/ warning/awareness program of the U.S. weather service around that time.
The ratio of the loss of lives (L) to the normalized damage impact (C) in the Andhra Pradesh cyclones is given in Table 5 . The sharp decrease in this ratio after the disastrous 1977 cyclone seems to support the above argument, as it can be attributed to better warnings and better disaster management. However, it can be argued that the L/C ratio will decrease if the damage increases without any decrease in loss of lives and therefore it cannot be a valid indicator of improvement of warning or management. The product L × C can perhaps be considered an index of such improvement as its decrease will involve the decrease of L or C or both. The value of this product, shown in Table 5 , exhibits a sharp decrease after the 1977 cyclone with smaller peaks in 1990 and 1996. However, more cases may have to be studied before L × C or L/C can be considered as valid indicators of cyclone impact or of improvement of warnings and management.
SUMMARY AND CONCLUSIONS.
Contrary to common perceptions, greater vulnerability to tropical cyclone damage in Andhra Pradesh, as elsewhere, is due mainly to economic and demographic, not meteorological factors. Improvements in warning systems and in disaster management remain critical to mitigating the loss of lives and, to some extent, the damage. The distinction between meteorological and socio-economic causes for the increased impact is important, to avoid a tendency for political and administrative decision makers to blame natural causes. They have to take these realities into account, not just in developing a vigilant disaster management system, but in land-use planning, development of coastal districts, and insurance measures.
